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i PREFACE
Increasing attention is being now paid to the possibility of using dirigibles more widely
bec:'we of the fexibility of performance of the lighter-than-air (LTA) concept. Attention is
being focused on the potential improvements offercd by advances recently made in aerospace
technology. For its part, the Structures and Materials Panel has an interest in the application
of new materials and novel structures, and an activity to consider those aspects has been set
l up by the Panel at its Spring 1983 Meeting in London.
| This pilnt paper was presented at this Meeting. 1t demonstratzs that significant reductions ;
in structure weight can be achieved through the use of new materials, such as carbon fibre :
composites, and goes on to show what correspending improvements in operational performance
: can be gained, '
]
: The data given here are encouraging; they provide a starting point for future developments. \ )
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SOME TRENDS IN AIRSHIP TECHNCLOGY DEVELOPMENTS
by

Luigi BALIS CREMA and Antonio CASTELLANI
tuto di Tecnologia Acrospatiale
Via Eudossiana, 16 — 00184 Roma - Jtaiy

Presented at Ad Hoc Group T. 107
MATERIALS AND STRUCTURES FOR DIRIGIBLES
AGARD 36th PANEL MEETING London 10-15th April 1983

SUMMARY

Some problem arcas for the advance of modem airships are pointed cut.
A typical long range sea patrol mission is considered.
In particular the use of composite materials lorthemetwclndfot lheenvelope n ovder to achieve a substantial reduction of

the cmpty weight and quently a perf p

INTRODUCTION

ly several p P s fw the ighterthanair (LTA) u'eult use have hoen presented, which take into account technological
d in structural i lsion systems and ! techniques. 1t i claimed that such advances would permit the design
of new airships which are both safer and more efficient,

Such kinds of design include light weight cnvelopes and struct H\tn@ﬂevﬂ'mmdadﬂmtdmhohmdinﬂmmm

Thus a modem airship would have better perf than hi of comp
However the obvious limits of the airship that make it noncompetitive whith commercial aie transport lead to deeper inspections
for special missions of the airships. The most appealing spplication for & mod tional airship could be a long range maritume

patrol mission, because of the payload capacity and endurance.
The airships | ave higher speed than ships and greater endurance and higher paylocd capacity than airplanes [1].

!, ~ ENPTY WEIGHT EFFECT

In order to evaluate the airship officiency the first item to he considered is the empty weight (') effect.
The ratio empiy weight to volume (V,/V) versus volume for seve-al airships — Akron, Macon, Hindenburg included — is shown in
Fig. 1.
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Therefore the effick ncy doex 1ot inaesse with sise, typical values 0! current techanlogy ar- in the area W,/V = 0.35 kg/m’. The
ibution of the individual parts of the rigid airship to the above values are show in Table 1.

TABLE 1 - Rigid Airshipe
COMPONENTS | W, Vag/m®)
ENVELOPE AND GAS BAGS 000
RICID STRUCTURF 188
PROPULSION 100
CAR, CONTROLS,
INSTRUMENTATION, ... 165

* for the semi-rigid and non-tigid airships the value changea to .2 and .3

Seveeal proposed airshing, which could use new lighter structural s, are idered in Fig. | (4}
As one can see the ratio W,/V is ugnificantly reduced and a more advanced value W,V = .35 might be achicved with current

Emp!y weight aso affects cruim. altitude. For W,/V = .5 and W,/V = .3, values of the ratio of weful losd st verious altitudes,
W, and useful loed at sca level, Woq, versu altitude, are preee:ted in Fig. 2. for helium practioal kfting foree of 1 kg/m*.
1t appears that the empty weight effect on the altitude capability is very significant.

Fig.2
~
~
10000
ajtitucts m
2. — PERFORMANCE ANALYSES
In order to evaluate the potential effects of mod hips with a reduced structural weight, some performances are presen-

ted by using the drag and propullive efficiency of designs of the past.

Range increase, d, versus volume for two cruise velocities and scveral rotios, Wo/V, is shown in Figs. 3 and 4. In this analysis the
ratio Wy, /V is kept eu\dnm.n that the weight of the fue!. Wy, incroases as the vatio W,/V is improved. The productivity, (defimed by
payload tons » range kilometees) versus volume is pr d ia Fig. 3.

Conversely dthemxo'lqlv-k-plennm(nthuhemhd-m-u-d-rmw.lV-npmwd)wph&anind
productivity, as defined by paylosd toms o range kilometea/fuel kilos, which are shown in Fig. 6.

But & is importnt to add another significant parsmeter swch cruise velority ; thus, by redefining the productivity as the ratio (pay-
toad range ¢ cruise velocity fuel required), we obtsim the Fig. 7, for 8 00,000 m? sirship and two ratios W,/V.

From the above considorations it is passible to guess & possibls coafigw. ation of the aieship for a sea patrol mission.

For indance Fig. 8 shows for a mission, as deflined by range, payload and cruise velocity, the valuos of volume computed » a
function of the ratio W,/V {5}, [6].
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3. - TECHNOLOGICAL ADVANGE IN MATERIALS

The previous analysis shows that one gets a significant improvement a the tatio W,/V decreascs.

This decresse may be achieved by ne-v structural materials snd new fabrics for the envelope (7). (8]

In the ficld of propulsion, improvements in aircraft ongines may allow to s up to 75% of the relevant weight. In this areq,
emphasis should now be pleced on the thrust vector control tecnique in order to get an autonomous capability in hovering, lending and
take-off.

In the structural materisks field one can w2 definite trend towards the ue of composite materials which have received lasge
application in the circraft and specrciaft construction.

As for the primary structure (c.g. girder and rigid frame) is concemed composite materials s carbom fiber and keviar fiber (see
Table 2 for properties) could be used,

TABLE 2 — Structwrel rasteriah

STRUCTURAL MATERIALS | DENSITY YOUNG' MODULUS TENSILE STRENGTH

gw? G Gh

7078 Alluminum 2000, 3. K1

Titanium 4500. 116. 119

Glas Fiber 2100, 50. 1.0

Carbon Fiber 1600, 200, 1.0

Keviar fiber 1400, 83, I L4
Weight saving, 4 pared to an analog bani alloy structuze, may be as high as 30 peeeent; that is in sgreement with the
prevision of the posit ials applicati lwmwdm%mmmﬂdme;hwnhmm

res 91,
A second significant saving can be achieved by using new fabrics for the envelope,
The vropertie of these materials, which have a large usr for the high altitude scientific ballons, are presented in Table 3.

TABLE 3 — Eavelope Maturials

MATERIALS WERIGHT TENSILE STRENGHT PERMEABILITY
Fwm? gut T (M)

Rubber catton 90. 800, 3

Palyethylene 10. %0, L

Nylar 58. 500, 30

Mylar Dracon 33, 800, L

Nylon Nylon 65, 430, 2

In cmparison with the historical cuvelopes of cotton-reind mhm‘wueﬂmwu\\wmt

At last, if also the dary st | bers (eg. :ar, t surfaces, rigging. ...) are manufactured from teriaks,
lﬁmhauﬁqdlSmﬁmﬂkmItn-elkmvahlhvhﬂu!hnhﬂudu&euiwAmSkyﬁ.

This approach offers, in the It analysis, reductions in o.orall weight which could lower the retio W,/ V, for the future airships, lo
.35 (cae Tuble 4), [10}.

In this case, 83 ot can see by Fig. 8, a significant reduction in the system sine is achieved.

For example for 1 typical soa patrol long renge wission, defined by a svven days endurance and & 30 toss payload, a reduction in
the ratio W,/V from .35 to .35 should permit the wee of an airship of 70,000 m* clas.

TABLE 4 — Advaneed alrvhipe

COMPONENTS W,/V kg/m?
ENVELOPE AND GAS BAGS 06
RIGID STRUCTURE 14
PROPULSION 03
CAR, CONTROLS,

INSTRUMENTATION, .. ag
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4. - PROBLEM AREAS

In the Authurs’ opinion it is possible to indicate the following major prohlem arcas in order to get a significant improvement in the
airship performances, based on the techuology available ia the 90%:
1 _ primary struction in composite matesiah;
2 — moondary structure cunstruction in compoalie materiak;
3 — pliant material tochnology for envelopes and gos cells;
4 — modorn computor techniques in analysis of airship structurrs:
S — thrust vector control capebility ;
6 — airship dynamice and control at low velocities;
7 ~ airship operstions, ground handling and ground facilities;
8 — development of new certification rules.
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